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(54) SURFACE EMITTING SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PURPOSE: To provide a surface emitting semiconductor 
laser device wherein a DBR of poor yield is not required 
and a fine size can be expected. 

CONSTITUTION: In a semiconductor laser device which 
has an active layer 8 wherein a circular or a polygonal 
heterojunction is formed, a circular or polygonal upper 
clad layer 7 and a lower clad layer 9 provided up and 
down the active layer 8, and wherein an optical 
resonator is formed along a peripheral part of the upper 
clad layer 7, laser light can be emitted in a direction 
vertical to a substrate 3 by forming a secondary 
diffraction grating 2 on a surface of the upper clad layer 
7 in a vertical direction to a peripheral part of the upper 
clad layer 7. 



Ar'HM 




co- 
rn 

tn 

H 

I 

CD 
r— 
m 

O 
O 

3 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 



http://wwl9.ipdl.ncipi.gojp/PAl/result/detaiymain/wAAAY2ayDVDA406152047Pl.htm 4/7/20D5 



t Searching PAJ 



Page 2 of 2 



.application converted registration] 

[Date of final disposal for application] 
•[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwwl 9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAY2ayDVDA4061 52047P1 .htm 4/7/2005 



\ JP,Q6-152047,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of* this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Circular or field luminescence mold semiconductor laser equipment of the barrier layer which 
forms a polygon-like heterojunction, and this barrier layer which was formed up and down and which is 
characterized by circular or forming the secondary diffraction grating in the front face of said up 
cladding layer in the perpendicular direction to the periphery of this up cladding layer in the 
semiconductor laser equipment with which it has polygon-like an up cladding layer and a lower cladding 
layer, and the optical resonator is formed along with the periphery of said up cladding layer. 
[Claim 2] Field luminescence mold semiconductor laser equipment according to claim 1 characterized 
by having the structure where periodicity differs in a part of secondary diffraction grating [ at least ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the field luminescence mold semiconductor laser 
equipment which carries out outgoing radiation of the laser beam in the perpendicular direction to a 
substrate. 
[0002] 

[Description of the Prior Art] As conventional field luminescence mold semiconductor laser equipment, 
the DBR (Distributed Bragg Reflector) form face luminescence laser with which the resonator was 
formed in the direction of a laminating of a semi-conductor with the cylinder structure of the diameter of 
several micrometers is reported. By the laser of this structure, since cavity length consists of wavelength 
order, the high reflection factor near 100% is required of a reflecting mirror. Therefore, it is necessary 
20 to 40 pair by DBR by the side of a substrate, and DBR of the structure which repeated the semi- 
conductor layer by turns by the thickness of lambda/4n (n is a refractive index and lambda is 
wavelength) is [ 10-25 pair ] necessary by the air side, when GaAs/AlAs is used. As thickness of each 
field at this time, it is 1 .5-6 micrometers, and on the other hand, since the thickness of a barrier layer is 
about -60nm, component length is almost decided by the die length of DBR. 
[0003] 

[Problem(s) to be Solved by the Invention] Since the growth rate by MOCVD growth is 0.2 - 2.0 
micrometer/H, also in order to form the DBR field of one side, 4 - 5 hours is needed. Since the thickness 
of each semi-conductor layer which constitutes DBR, and fluctuation of a presentation are sensitively 
reflected as a property of the Fabry-Perot resonator formed by both DBR(s), as for a laser property, 
fluctuation near the equipment engine performance also deteriorates greatly. For this reason, the 
establishment of the growth approach which operates with sufficient homogeneity to stability over long 
duration is indispensable to production of highly efficient DBR form face luminescence laser, and was 
not able to tell it that the present condition was not necessarily enough as the production yield of a good 
component. 

[0004] This invention does not need DBR with bad ****** in view of said conventional trouble, but it 
aims at offering the field luminescence mold semiconductor laser equipment which can moreover expect 
minute size-ization. 
[0005] 

[Means for Solving the Problem] In order to attain said purpose in this invention, in claim 1 It has the up 
cladding layer and lower cladding layer of the shape of circular, the barrier layer which forms a 
polygon-like heterojunction and the round shape in which this barrier layer was prepared up and down, 
or a polygon. In the semiconductor laser equipment with which the optical resonator is formed along 
with the periphery of said up cladding layer In the field luminescence mold semiconductor laser 
equipment which formed the secondary diffraction grating in the front face of said up cladding layer in 
the perpendicular direction to the periphery of this up cladding layer, and claim 2 The field 
luminescence mold semiconductor laser equipment according to claim 1 which has the structure where 
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.periodicity differs in a part of secondary diffraction grating [ at least ] is proposed. 

[Function] When a semi-conductor thin film is placed into a low refractive-index medium and light 
-spreads the inside of the thin film, the propagating mode in alignment with the periphery of this semi- 
conductor thin film, i.e., whispering-gallery mode, exists (Electronics Lett.vol.28, 17, 1992). If a carrier 
is generated in a barrier layer by approaches, such as optical pumping or current impregnation, using the 
semi-conductor layered product which consists of a barrier layer and a cladding layer as a semi- 
conductor thin film, the light wave by the whispering-gallery mode which circles right and left will 
occur This invention prepares the concave convex groove which has a slot in the perpendicular 
direction to the boundary of a semi-conductor layered product and a low refractive-index medium in the 
front face of the cladding layer of a semi-conductor layered product, and uses it as a diffraction grating, 
these periods are set up so that it may become the secondary degree, and the laser beam which carries 
out outgoing radiation in the perpendicular direction to the front face of a semi-conductor layered 
product according to the DFB (DistributedFeedback) effectiveness is obtained. 

[00071 In the case of circumference form laser like this invention, when the periodicity of a diffraction 
grating is kept perfect over the periphery, there is no reflector. The light wave which circles right and 
left spreads oscillation mode by the opposite phase mutually, and it turns into the mode which each 
negates mutually as a result of optical coupling. For this reason, the optical output to a perpendicular 
direction becomes very small to the front face of a semi-conductor layered product. Then, the grid of a 
different specification from the configuration expected from periodicity is arranged, phase contrast is 
produced and reflection is made to cause in the train of the diffraction grating arranged regularly in 
invention of claim 2 between the revolution light of the right and left which pass through this field. 
Thus it enables it to obtain a laser output efficiently in the perpendicular direction to a semi-conductor 
layered product as a result of the optical coupling by DFB by making into an effectual reflector the field 
which carries out the turbulence of the regularity. 
roooRi 

[Example] Drawing 1 shows one example of the field luminescence mold semiconductor laser 
equipment of this invention, and, for a diffraction grating and 3, as for p lateral electrode and 5, a 
substrate and 4 are [ one / a semi-conductor layered product and 2 / n lateral electrode and 6 ] butter 
layers among drawing. 

[00091 The semi-conductor layered product 1 consists of the up cladding layer 7 of a non dope which 
made the disk configuration with an outer diameter [ phi ] of 10 micrometers, a barrier layer 8, and a 
lower cladding layer 9, and each detail is as follows. 
[0010] 
[Table 1] 
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The top view in the condition that drawing 2 removed the p lateral electrode 4, and drawing 3 are 
perspective views, and the diffraction grating 2 consists of outer-diameter 1 Omicrometerphi formed on 
the up cladding layer 7, bore 8micrometerphi, the InGaAsP layer field 10 of the sector of seven central 
angles, an InGaAsP layer removal field 1 1 of the sector of seven central angles, and a reflector 
formation field 12 of 17 central angles. In addition, the central InGaAsP layer field (outer-diameter 
6micrometerphi) is functioning as a contact layer 13 which reduces the contact resistance to the p lateral 
electrode 4. As an InGaAsP layer which constitutes said diffraction grating 2 and the contact layer 13, 
0.02 micrometers of thickness and the InGaAsP layer of 1.5-micrometer presentation of carrier 
consistency p=2xl010cm-3 are used. 

[001 1] The substrate 3 consists of an InP substrate of carrier consistency n=3xl010cm-3. Moreover, the 
p side substrate 4 and the n side substrate 5 consist of Cr/Au and AuGeNi, respectively. Moreover, the 
buffer layer 6 consists of 0.5 micrometers of thickness, and an InP layer of carrier consistency 
n=2xl010cm-3. 

[0012] The semi-conductor layered product 1 which consists of the up cladding layer 7, the barrier layer 
8, and the lower cladding layer 9 which were mentioned above is formed by the MOCVD grown method 
as a crystal of 1 1 layer structures on a substrate 3 with a buffer layer 6 at the InGaAsP layer list which 
constitutes a diffraction grating 2 and the contact layer 13. 

[0013] to said crystal, first, the production procedure of said field luminescence mold semiconductor 
laser equipment forms the (1) n lateral electrode 5, produces the (2) diffraction grating 2, forms the (3) p 
lateral electrode 4, forms (4) active regions, and carries out selective etching of the (5) InP field to the 
last — it comes out. 
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{0014] Specifically, the n lateral electrode 5 vapor-deposits and forms AuGeNi, after grinding a 
substrate 3. After a diffraction grating 2 forms in the front face of the InGaAsP layer of 1 .5-micrometer 
presentation a pattern which was mentioned above, using the fully cooled sulfuric-acid system etchant, 
using the etching rate difference by presentation with the InGaAsP layer of 1 .3-micrometer presentation 
which constitutes the up cladding layer 7, it etches only the InGaAsP layer of 1 .5-micrometer 
presentation into it alternatively, and forms it in it. The p lateral electrode 4 is formed in a mushroom 
configuration by the lift-off method by the two-layer resist using Cr/Au. In addition, the upside electrode 
field was set to about 8micrometerphi. By using a resist as a mask, by Fukashi who reaches a substrate 3 
using RIE of a chlorine system, dry processing of the active region is carried out, and it is formed. 
Etching of an InP field is formed in a gun trapezoid by removing only an InP field alternatively using 
chlorine-based etchant. 

[0015] In said configuration, 2.945 and the effective refractive index of the field 1 1 which is equivalent 
to a crevice on the other hand of the effective refractive index of the field 10 with the InGaAsP layer of 
1. 5-micrometer presentation equivalent to the heights of a diffraction grating 2 are 2.903. As mentioned 
above, when light with a wavelength of 1.55 micrometers spreads the waveguide of the shape of a ring 
by which the field where refractive indexes differ slightly has been arranged by turns with outer- 
diameter lOmicrometerphi and the sector of seven central angles, the secondary diffraction happens, the 
diffraction grating of the depth whose coupling constant kappa of this example is about 0.02 
micrometers since a perimeter is air (n= 1) — about 950 ~ it is crn-1, and as bond strength kappaL in 
alignment with a disk periphery, it is estimated as about 2.7, and can fully expect as DFB (Distributed 
Feedback) laser. Moreover, by forming the reflector formation field 12 of the sector of 17 central angles, 
when the light which circles in this field right and left passed, phase contrast arose, and it functioned as 
a reflector, and the laser beam was obtained perpendicularly. 

[0016] Laser oscillation was obtained when the equipment of said example was made to drive by the 
pulse input of a duty ratio 1000:1 in a room temperature. The threshold current was 5mA. The highest 
peak optical output was about ImW, and differential quantum efficiency was 12%. Main wavelength 
was 1.550 micrometers and the oscillation spectrum was a single mode. The full width at half maximum 
of the beam for which it asked from the far field pattern was about 10 degrees. 

[0017] In addition, although the periodicity of a diffraction grating 2 is broken down and effectiveness is 
raised in said example, even if it does not break down periodicity, it is as the term of an operation 
having described to carry out laser oscillation. 

[0018] If a concave convex groove is prepared in the front face of a semi-conductor layered product and 
the secondary diffraction grating is formed along with a periphery as mentioned above, the laser 
oscillation by DFB in which the revolution light of right and left by whispering-gallery mode carries out 
optical coupling will happen. At this time, the semiconductor laser of the field luminescence mold which 
carries out outgoing radiation of the laser beam in the perpendicular direction to a substrate by preparing 
the reflector formation field which disturbs the periodicity of refractive-index distribution to a part of 
these diffraction gratings is realizable. 

[0019] Moreover, although said example explained the case where a semi-conductor layered product 
was circular, if the resonator of a circumference form is formed, the same effectiveness will be acquired 
also with a polygon. What is necessary is just to form a concave convex groove perpendicularly to an 
optical path at this time. Moreover, although the reflector was formed in said example by forming the 
sector from which a central angle differs, the same effectiveness is acquired even if it forms a reflector 
by forming the field which made other goods deposit on a front face alternatively, or it changes the 
thickness of concave heights. Moreover, although the InP substrate is used in said example, even when a 
silicon substrate is used, the same effectiveness is acquired only by enlarging buffer layer thickness 
enough. Although said example described the InP system crystal, when a GaAs system crystal also 
devises the configuration of a semi-conductor layered product, the main point of this invention can be 
applied fundamentally further again. 
[0020] 

[Effect of the Invention] As explained above, according to this invention, circular or the barrier layer 
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which forms a polygon-like heterojunction, On the front face of the up cladding layer of a semi- 
conductor layered product in which this barrier layer was prepared up and down and which consists of 
the up cladding layer and lower cladding layer of the shape of circular or a polygon DBR with ****** 
bad [ that the secondary diffraction grating may only be formed in the perpendicular direction ] is not 
needed to the periphery of this up cladding layer, but the field luminescence mold semiconductor laser 
equipment which can moreover expect minute size-ization can be realized. 

[Translation done.] 
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PURPOSE: To provide a surface emitting semiconductor laser device wherein a DBR of 
poor yield is not required and a fine size can be expected. 

CONSTITUTION: In a semiconductor laser device which has an active layer 8 wherein a 
circular or a polygonal heterojunction is formed, a circular or polygonal upper clad layer 7 
and a lower clad layer 9 provided up and down the active layer 8, and wherein an optical 
resonator is formed along a peripheral part of the upper clad layer 7, laser light can be 
emitted in a direction vertical to a substrate 3 by forming a secondary diffraction grating 2 
on a surface of the upper clad layer 7 in a vertical direction to a peripheral part of the 
upper clad layer 7. 
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^faded text or drawing 
□(blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

0 lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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